Antibody and radionuclide characteristics and the enhancement of the effectiveness of radioimmunotherapy by selective dose delivery to radiosensitive areas of tumour.
Estimating the absorbed dose to tumour relative to normal tissues has often been used in the assessment of the therapeutic efficacy of radiolabelled antibodies for radioimmunotherapy. Typically, the calculations assume a uniform dose deposition and response throughout the tumour. However, the heterogeneity of the dose delivery and response within tumours can lead to a radiobiological effect inconsistent with dose estimates. The aim was to assess the influence of antibody and radionuclide characteristics on the heterogeneity of dose deposition. Quantitative images of the temporal and spatial heterogeneity of a range of antibodies in tumour were acquired using radioluminography. Subsequent registration with images of tumour morphology then allowed the delineation of viable and necrotic areas of tumour and the measurement of the antibody concentration in each area. A tumour dosimetry model then estimated the absorbed dose from 131I and 90Y in each area. Tumour-specific antibodies initially localized in the viable radiosensitive areas of tumour and then penetrated further into tumour with continued tumour accretion. Multivalent antibodies were retained longer and at higher concentrations in viable areas, while monovalent antibodies had greater mobility. In contrast, non-specific antibodies penetrated into necrotic regions regardless of their size. As a result, multivalent, specific antibodies delivered a significantly larger dose to viable cells compared with monovalent antibodies, while non-specific antibodies deposited most of the dose in necrotic areas. There was a significant difference in dose estimates when assuming a uniform dose deposition and accounting for heterogeneity. The dose to the viable and necrotic areas also depended on the properties of the radionuclide where antibodies labelled with 131I generally delivered a higher dose throughout the tumour even though the instantaneous dose-rate distribution for 90Y was more uniform. The extent of heterogeneity of dose deposition in tumour is highly dependent on the antibody characteristics and radionuclide properties, and can enhance therapeutic efficacy through the selective dose delivery to the radiosensitive areas of tumour.